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© Circuit to automatically power down a CMOS device which is latched up. 



@ An integrated circuit protection device for reset- 
ting an integrated circuit (11) when latch-up occurs 
has switching means (14) connected in series with a 
current path (13) to selectively control the flow of 
current through the integrated circuit. Voltage com- 
parison means (17) monitors changes in voltage 
which correspond to changes in the current flowing 



through the integrated circuit The voltage compari- 
son means operates cooperatively with storage 
means (15) to provide an output to control the 
switching means (14). When latch-up is detected, 
the output signal to the switching means causes it to 
restrict current flow through the integrated circuit. 
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BACKGROUND OF THE INVENTION 



A common fault condition associated with 
CMOS microprocessors and other triple diffused s 
integrated circuits is known as "latch-up". Latch-up 
occurs due to parasitic transistors which are in- 
advertently established in the substrate and well 
regions during the construction of integrated cir- 
cuits. A pair of parasitic transistors can interact 10 
through the intrinsic resistances of the device and 
form a circuit which operates similar to an SCR. 

During the normal operating conditions of the 
integrated circuit, the parasitic transistors are bi- 
ased off and thus do not conduct substantial cur- is 
rent The parasitic "SCR" is never intentionally 
activated during the operation of the integrated 
circuit. If, however, a transient causes the base of 
either parasitic transistor to go high, current is 
allowed to flow from a power supply through that 20 
transistor. The current flow causes a voltage drop 
across the inherent well resistance or substrate 
resistance which turns on the other corresponding 
transistor. Both transistors are consequently 
"latched" on and remain on until the voltage sup- 25 
plied by the power supply is removed or the cur- 
rent is limited such that the transistors are forced 
to turn off. 

The current flowing when latch-up occurs is 
substantial and can render the entire integrated 30 
circuit inoperative and even cause thermal destruc- 
tion. Thus, methods have been devised to reduce 
the possibility of latch-up. Both the layout and the 
process of manufacture of integrated circuits have 
been altered to reduce formation of the SCR-type 35 
circuits. However, these methods merely minimize 
the possibility of latch-up. Due to this limitation, it 
is often desirable to detect the occurrence of latch- 
up and reset the integrated circuit in the event that 
it does occur. 40 



SUMMARY OF THE INVENTION 



In accordance, the present invention provides 
an integrated circuit protection device for resetting 
an integrated circuit when latch-up occurs. A 
switching means is connected in series with a 
current path to selectively control the flow of cur- so 
rent through the integrated circuit A voltage com- 
parison means monitors changes in voltage which 
correspond to changes in the current flowing 
through the integrated circuit The voltage compari- 
son means operates cooperatively with a storage 55 
means to provide an output signal which controls 
the switching means. When latch-up is detected, 
the output signal to the switching means causes it 



to restrict current flow through the integrated cir- 
cuit. 

BRIEF DESCRIPTION OF THE DRAWING 



The invention will be better understood from a 
reading of the following description in conjunction 
with the drawing in which: 

Fig. 1 is a schematic diagram of the parasitic 
transistors which form an SCR-type circuit within 
an integrated circuit 

Fig. 2 is a block diagram of the present 
invention; and 

Fig. 3 is a schematic diagram of the pre- 
ferred embodiment of the present invention; 



DETAILED DESCRIPTION 



Figure 1 shows a cross sectional view of a 
portion of an integrated circuit with a schematic 
diagram of the parasitic transistors forming an SCR 
circuit within that portion of the integrated circuit A 
power supply which powers the integrated circuit is 
connected at terminals V and V~. When a tran- 
sient causes the base of either parasitic transistor 
to go high, current will flow from V* through the 
transistors to V". The integrated circuit will con- 
sequently be latched-up. When the integrated cir- 
cuit is latched-up. the current flowing through the 
integrated circuit from the power supply must be 
restricted in order to deactivate the internal SCR. 
This process is hereinafter referred to as 
"resetting" the integrated circuit from its latched-up 
state. 

Referring to Figure 2. an integrated circuit 11 
susceptible to being latched-up is connected to a 
power supply 12 through a power supply current 
path 13. A switching means 14 is connected in 
series with the power supply current path 13 to 
selectively control the flow of current through the 
integrated circuit 11. 

During normal operation of the integrated cir- 
cuit 11, a storage means 15 is energized or 
charged through the charging path 16. and accord- 
ingly, a signal is provided to the control input of the 
switching means 14. The signal at the control input 
correspondingly closes the switching means 14 to 
allow current to flow from the power supply 12 to 
the integrated circuit 11. 

If the integrated circuit 11 goes into latch-up. a 
substantial increase in current drawn from the pow- 
er supply 12 occurs. When this sudden increase in 
current demand of the integrated circuit 1 1 occurs, 
the voltage level supplied by the power supply 12 
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at V* decreases. This voltage drop is especially 
noticeable if the power supply has been designed 
to meet the current demand during norma! opera- 
tion and little more. Power supply output resistance 
(commonly known as source resistance) is a cause 
of this drop in voltage when current output in- 
creases. 

A voltage comparison means 17 is connected 
to the current path 13 and to the storage, means 
15. The voltage comparison means 17 monitors the 
sudden increase in current flow by measuring a 
corresponding drop in the voltage level at the ter- 
minal V*. If the integrated circuit 11 goes into 
latch-up. a drop in the voltage at V will be de- 
tected by the voltage comparison means 17. When 
latch-up is detected, the voltage comparison means 
17 will provide for or activate a discharging current 
path 18 through which current can flow to dis- 
charge or deenergize the storage means 15. When 
the storage means 15 discharges, the signal ap- 
plied at the control input of the switching means 14 
will cause the switching means 14 to open and 
restrict current flow through the integrated circuit 
11. The integrated circuit 11 will consequently be 
reset since the internal SCR-type circuit activated 
in the integrated circuit 11 is starved of current and 
hence will turn off. The time following latch-up 
detection during which the switching means 14 
interrupts current flow is adjustable and controllable 
depending upon the characteristics of storage 
means 15 and charging path 16. 

After latch-up is detected and current is re- 
stricted from flowing through the integrated circuit 
11 by switching means 14, the discharging current 
path 18 is no longer provided for or activated by 
voltage comparison means 17. Consequently, stor- 
age means 15 recharges or reenergizes and the 
signal provided to the control input of switching 
means 14 causes the switching means 14 to again 
allow current flow through the integrated circuit 1 1 . 

Next, referring to Figure 3, there is shown a 
specific schematic diagram of a circuit which cor- 
responds to the block diagram of Figure 2. The 
circuit is connected to control the current flowing 
through an integrated circuit 11. Specifically, the 
circuit interrupts the power supply current path 23 
through the integrated circuit 11 when the supply 
voltage drops a certain amount in a given time 
interval. 

A field effect transistor (FET) 22 is connected 
in series from drain to source in the power supply 
current path 23. The FET 22 is an N channel 
enhancement type with a threshold voltage of ap- 
proximately 1 .5 volts in this particular application. 

During normal operation of the integrated cir- 
cuit 11, the supply voltage at V* is at a certain 
voltage level and stable. During this time, the same 
voltage level is present across capacitor 24 due to 



charging current through resistor 25. Negligible 
current flows through the gate of the unijunction 
transistor 26 and hence the voltage at the gate is 
nearly equal to the voltage level at V*. The unijunc- 

s tion transistor 26 is consequently biased off since 
its gate voltage is equal or substantially equal to 
the voltage level at its anode established across 
capacitor 24. . 

When the unijunction transistor 26 is biased off, 

10 current is not allowed to flow from the anode to the 
cathode of the device, and consequently, base 
current is not available to turn on bipolar transistor 
27. Hence, during normal operation of the inte- 
grated circuit 11, the bipolar transistor 27 is biased 

75 Off. 

When the bipolar transistor 27 is off, very little 
current flows through its collector to emitter. 
Hence, and because negligible gate current flows 
through FET 22, the voltage drop across the resis- 

20 tor 28 is small. Consequently, the voltage at the 
gate of FET 22 is substantially equal to the voltage 
charged across the capacitor 24. This gate voltage 
is sufficiently high to bias the FET 22 on which 
therefore allows current to flow through the in- 

25 teamed circuit 11 supply terminals, maintaining 
normal operation. 

It should be noted that during this period of 
normal integrated circuit operation, the power 
drawn by the circuit of the present invention is 

30 quite insubstantial. This characteristic is particularly 
important in applications where a source of power 
for the circuit is a battery. 

A drop in the voltage at V* when latch-up 
occurs causes a corresponding drop in voltage at 

35 the gate of the unijunction transistor 26. Since the 
time constant of the RC network comprising ca- 
pacitor 24 and resistor 25 is relatively slow (.33 
sec. in this application), and the voltage across the 
capacitor 24 does not change instantaneously, the 

40 drop in the initial supply voltage level is repre- 
sented across the anode and gate + of the unijunc- 
tion transistor 26. If the drop in V* is sufficiently 
large to cause the gate voltage to drop below the 
anode voltage by approximately .6 volts, the unijun- 

45 ction transistor 26 will trigger on. 

When the unijunction transistor 26 turns on, 
current is allowed to flow from its anode to its 
cathode. Consequently, and due to the voltage 
level charged across the capacitor 24, the bipolar 

so transistor 27 is biased on. This in turn causes the 
gate voltage of the FET 22 to drop below its 
threshold voltage and turn the FET 22 off. In addi- 
tion, discharge current is allowed to flow from the 
capacitor 24, through resistor 28, and through the 

55 collector to emitter of transistor 27 to V~. Since the 
time constant established by this discharging cur- 
rent path is relatively fast, the capacitor 24 dis- 
charges quickly. 
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It is important to note that the capacitor 24 will 
not recharge quickly since the time constant estab- 
lished by the resistor 25 connecting the capacitor 
to the power supply at V* is relatively slow. It is 
also important to note that once the unijunction 5 
transistor 26 has been turned on. It does not turn 
back off until the current flowing from its anode to 
cathode falls below the valley current level of the 
device. In addition, the current flowing through the 
resistor 25 is sufficiently less than the valley cur- io 
rent level of the unijunction transistor 26 such that 
current flowing from the supply V* cannot maintain 
the on state of the unijunction transistor 26. 

When the FET 22 turns off, current is not 
allowed to flow through the power supply current 15 
path 23 to the power supply terminals of the in- 
tegrated circuit 11. This consequently resets latch- 
up and decreases the current demand which will 
correspondingly cause an increase in the voltage 
level at V*. 20 

After the FET 22 turns off, the voltage across 
capacitor 24 drops further as current continues to 
discharge through the bipolar transistor 27. When 
the capacity of the capacitor 24 decreases to a 
certain point the unijunction transistor 26 and the 25 
bipolar transistor 27 will turn off. 

When the bipolar transistor 27 turns off, the 
discharging current path for the capacitor 24 to 
discharge is not provided through the bipolar tran- 
sistor 27. Consequently, the capacitor voltage rises 30 
due to charging current through the resistor 25. 
Again, it is pointed out that the time constant 
provided by this RC network is relatively slow. The 
capacitor 24 will eventually charge to its capacity, 
and the voltage across it will be equal to the supply as 
voltage at V*. 

As the voltage across the capacitor 24 rises, 
the FET 22 will turn back on when the voltage at its 
gate rises above its threshold voltage of approxi- 
mately 1.5 volts. When this occurs, current to sup- 40 
ply the integrated circuit 11 with power is again 
allowed to flow through the power supply current 
path 23. 

The time during which current is not allowed to 
flow allows the latched-up integrated circuit to re- 4S 
set When this occurs, the parasitic transistors for- 
ming the SCR-type circuit within the integrated 
circuit 11 are forced to turn off. Hence, when 
current is allowed to flow after resetting the in- 
tegrated circuit 1 1 , it resumes in normal operation. so 

The amount of time during which the FET 22 is 
off and current flow through the integrated circuit 
11 is restricted is determined by the RC time 
constant established by the resistor 25 and capaci- 
tor 24. Hence, by selecting different values of re- 55 
sistor 25 and capacitor 26, the amount of time 
during which current flow is restricted is adjustable 
and controllable. For different microprocessors or 



other CMOS devices. It may be desirable to vary 
the time constant in order to achieve optimum 
results. 

It is also important to note that the delay time 
provided by the RC network during which current 
flow is impeded could be essential in assuring that 
the latch-up condition of the integrated circuit 11 
will be reset. This could be of particular importance 
if parasitic capacitances within the device main- 
tained sufficient capacity to keep on one of the 
parasitic transistors within the SCR-type circuit for 
a period of time. 

Another feature of the present invention is the 
one-shot triggering of the circuit provided by the 
unijunction transistor 26 when latch-up is detected. 
Once the voltage at the gate of the unijunction 
transistor 26 falls below approximately 0.6 volts 
with respect to the anode, the device turns on. ft 
will not turn back off if the voltage at its gate 
momentarily rises. Hence, the possibility of 
"chattering w of the circuit is eliminated. This is of 
particular importance if the same circuit is to be 
adapted for use with a variety of both microproces- 
sors and power supplies. 

Due to the arrangement of the storage means 
and the voltage comparison means comprising ca- 
pacitor 24 and unijunction transistor 26 respec- 
tively, the latch-up detection circuit monitors sud- 
den changes in current flow within a certain time 
interval, as opposed to merely monitoring when the 
current exceeds a certain level. As a result, the 
identical latch-up detection circuit can be used with 
different integrated circuits even though they each 
may have substantially unequal current demands 
during normal operation. Furthermore, gradual 
changes in current demand will not trigger the 
latch-up monitoring circuit. 

It is apparent that an electromechanical relay 
or other switching means could be substituted in 
place of the field effect transistor. Additionally, the 
functions of the voltage comparison means and the 
storage means could be provided by a micropro- 
cessor or other circuitry. 

In application where the power supply is ca- 
pable of providing a substantially constant voltage 
level at V* as current varies, it may be required to 
increase the source resistance. Alternatively, an 
additional resistor could be connected in series 
with the power supply current path 23 such that the 
voltage comparison means would monitor the volt- 
age drop occurring across it. 



Claims 

1. A latch-up detection circuit for detecting 
latch-up of an integrated circuit (11) and for reset- 
ting the integrated circuit connected to a power 
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supply (12) through a power supply current path, 
the latch-up detection circuit characterised by: 
a switching means (14) connected to the power 
supply current path, said switching means having a 
control input for selectivity restricting current flow 
through the power supply current path; 
a storage means (15) electrically connected to the 
power supply current path and to said control input 
of said switching means; and 
voltage comparison means (17) electrically con- 
nected to said storage means and to the power 
supply current path. 

2. A latch-up detection circuit according to 
Claim 1 characterised in that said storage means 
(15) operates cooperatively with said voltage com- 
parison means (17) for providing an output signal 
to said control input of said switching means. 

3. A latch-up detection circuit according to 
Claim 1 or 2 characterised in that said storage 
means (15) comprises a capacitor. 

4. A latch-up detection circuit according to 
Claim 3 characterised in that said capacitor (15) is 
connected to the power supply current path by a 
charging current path comprising a resistor. 

5. A latch-up detection circuit according to any 
preceding Claim characterised in that said voltage 
comparison means (17) provides for a discharging 
current path connected to said storage means (15) 
for discharging said storage means when a voltage 
level on the power supply current path is below a 
certain threshold voltage with respect to a voltage 
level of said storage means. 

6. A latch-up detection circuit according to my 
preceding Claim characterised in that said voltage 
comparison means (17) provides a discharging cur- 
rent path connected to said storage means (15) for 
discharging said storage means (15) when the in- 
tegrated circuit (11) is latched-up. 

7. A latch-up detection circuit according to any 
preceding Claim characterised in that said switch- 
ing means (14) is connected in series with the 
current path. 

8. A latch-up detection according to any pre- 
ceding Claim characterised in that said switching 
means (14) comprises a relay. 

9. A latch-up detection circuit according to any 
preceding Claim characterised in that said voltage 
comparison means (17) is connected to monitor a 
voltage across a resistor connected in the power 
supply current path. 

10. A latch-up detection circuit according to 
any preceding Claim characterised in that said 
voltage comparison means (17) comprises a un- 
ijunction transistor. 

11. A latch-up detection circuit according to 
Claim 10 characterised in that said unijunction tran- 
sistor (17) is connected to detect a change in a 
voltage level on the power supply current path. 



12. A latch-up detection circuit according to 
any preceding Claim characterised in that said 
switching means (14) comprises a field effect tran- 
sistor (22). 

6 13. A latch-up detection circuit according to 

any preceeding Claim, characterised in that said 
storage means (15) causes said switching means 
(14) to restrict the current flow through the power 
supply current path for a controlled period of time 

ro after latch-up is detected. 

14. A latch-up detection circuit for detecting 
latch-up of an integrated circuit and for resetting 
the integrated circuit after latch-up occurs, the in- 
tegrated circuit (11) connected to a power supply 

75 (12) through a power supply current path, the latch- 
up detection circuit comprising: 
a switching means (14) connected to the power 
supply current path having a control input for se- 
lectively causing said switching means to operate 

20 in a first conductive state or a second conductive 
state; 

a storage means (15) electrically connected to the 
power supply current path and to said control input 
of said switching means (14); and 

25 a voltage comparison means (17) electrically con- 
nected to said storage means (15) and to the 
power supply current path, said voltage compari- 
son means operating cooperatively with said stor- 
age means to provide a first signal to said control 

30 Input of said switching means when the integrated 
circuit is latched-up, said first signal causing said 
switching means to operate in said first conductive 
state. 

15. A latch-up detection circuit according to 
35 Claim 14 characterised in that said voltage com- 
parison means (17) actuates said discharging cur- 
rent path for discharging said storage means (15) 
when the current flow through the power supply 
current path increases a certain amount in a given 

40 time interval. 

16. A latch-up detection circuit according to 
Claim 15 characterised in that said voltage com- 
parison means (17) actuates said discharging cur- 
rent path for discharging said storage means (15) 

45 when the current flow through the power supply 
current path increases a certain amount in a given 
time interval. 

17. A latch-up detection circuit according to 
any of Claims 14 to 16 characterised in that said 

so voltage comparison means (17) detects when an 
instantaneous voltage on the power supply current 
path decreases with respect to a stored voltage. 

18. A latch-up detection circuit of said first 
conductive state has a lower conductivity than said 

55 second conductive state. 

19. A latch-up detection circuit according to 
any of Claims 14 to 18 characterised in that said 
switching means operates in said first conductive 
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state for a period of time after said voltage com- 
parison means detects !atch-up. 
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